JENDL-4 EU-156
Principal cross sections
I I I I

16—

total
—— absorption

1 elastic

gamma production

Cross section (barns)

0
10 | | | | | | | | | |
10 101% 10° 10® 107 10° 10° 10* 10° 10° 10%' 10° 10t

Energy (MeV)




Cross section (barns)

=

o
[N
I

JENDL-4 EU-156
UR total cross section

=

o
w
|

=

o
N
|

| —— Inf. Dil.

100 b

NN~ ———

107

10™

10
Energy (MeV)

1072

1071




JENDL-4 EU-156
UR elastic cross section

10°

=

o
N
|

Cross section (barns)

o
[N
I

1 — nt. Dil.

100 b

—
M

10 10™ 103 10 10t

Energy (MeV)




JENDL-4 EU-156
UR capture cross section

103 : | | | | | | III :
1 —— Inf. DIl L
100 b r
1b r

v 2
= 10°- L
@© E
~J r
= C
O i
-5) -

)
= =
%) -
U) -
S i
O _/\/\/\/\ |
100—: -
1 1 1 1 | I III 1 1 1 1 | I III 1 1 1 1 | I III 1 1 1 LI

10™

|
o|
(6]

10
Energy (MeV)

1072

1071




JENDL-4 EU-156
Heating
| |

— heating

|
oI
(RN

|
ol
N

|
ol
w

Heating (MeV/reaction)
|_\
oI

[HEN
oI
ol
T

I I T I I I

10t 101° 10° 10® 107 10° 10° 10% 102 107 10t

Energy (MeV)




Damage (MeV-barns)

JENDL-4 EU-156
Damage

H
o
o

=
oI
[BEN

[N
=
N

=
ol
w

<—— damage

=

oI
I
o

-11 10-10 1

I
0

2 10® 107 10° 10° 10* 10° 10? 10%

Energy (MeV)




JENDL-4 EU-156
Non-threshold reactions

Cross section (barns)

[ [ [ [ [ [ [ [ [ [
10t 101° 10° 10® 107 10° 10° 10% 102 107 10t

Energy (MeV)




JENDL-4 EU-156

Principal cross sections

10 I I I |
— total
— absorption

— 8 — elastic B
g —— gamma production
qv)
O
N—r 6_ -
c
O
O
Q
04— L
7))
(7))
=
@)

2 .

0 | | | | | | |

2 4 6 8 10 12 14 16 18 20

Energy (MeV)




JENDL-4 EU-156
Heating

250

%107 |
— heating

N

o

O
I
I

150 — =

Heating (MeV/reaction)
2
I
I

a1
o
|
I

0 | | |
0 5 10 15 20

Energy (MeV)




Damage (MeV-barns)

JENDL-4 EU-156
Damage

350 '

*10°3
—— damage
300 — B

[y = N N
o o) o a1
o o o o
| | | |

I

a1
o
|
I

0 i i i i i i i i i
0 2 4 6 8 10 12 14 16 18 20

Energy (MeV)




Cross section (barns)

JENDL-4 EU-156
Non-threshold reactions

|
1072 —
N - L
104 —
19 -
15 —
10-10
[ [ [ [ [ [ [ [ [
0 2 A 6 8 10 12 14 16 18 20

Energy (MeV)




JENDL-4 EU-156
Inelastic levels

3.0 '
— (n,n*1)
2.5 —— (n,n*2) B
— (n,n*3)
— (n,n*4)
— (n,n*5)

N
o

Cross section (barns)
- -
o o
I I

O
&
I

o

o
o
U'l_

I
10

Energy (MeV)

15

20




JENDL-4 EU-156
Inelastic levels

300 ' '
*1073

N

o)

o
|

N

o

o
|

100 —

Cross section (barns)
o
o
I

50

(n,n*6)

I I I
8 10 12

Energy (MeV)

I
14

I
16

18

20




JENDL-4 EU-156
Inelastic levels

140 ' '
*1073
o — (n,n*11) L
120 — (n,n*12)
— — (n,n*13)
7p) — (n,n*14)
< 100 —— (n,n*15) B
®©
=
— 80— e
i)
:
D 60 - -
0
N
O 40 L
@)
20 — B
0- i | | | | | | |
0 2 4 8 10 12 14 16 18 20

Energy (MeV)




JENDL-4 EU-156
Inelastic levels

350 ' '
*1073
o — (n,n*16) L
300 — (n,n*17)
Py — (n,n*18)
2 — (n,n*19)
C 250 {\ ——  (n,n*20) B
®©
=)
— 200 — =
ke
:
D 150 - -
(7))
(7))
© 100 =
@)
50 — B
0 | i | | | | | |
0 2 4 8 10 12 14 16 18 20

Energy (MeV)




JENDL-4 EU-156
Inelastic levels

160 ' '
*1073
140 — — (n,n*21) m
— (n,n*22)
— — (n,n*23)
0 120 — (n,n*24) B
- — (n,n*25)
®©
L 100 -
S
= 80 =
o
Q
N
(7)) 60 ] [
%)
O
QO 40 L
20 — -
0 i i | | | | | |
0 2 4 8 10 12 14 16 18 20

Energy (MeV)




JENDL-4 EU-156
Inelastic levels

16 | |
*107

14 — — (n,n*26) m

=
N
|
|

=
o
|
|

Cross section (barns)
o oo
I I
I I

N
I
I

N
I
I

0 i 1 | i i i i i
0 2 4 6 8 10 12 14 16 18 20

Energy (MeV)




JENDL-4 EU-156
Threshold reactions

2.0
4 — (n,2n)
1.8 (3
— (nh,n%)a
,\1'6_ — (n,2n)a
2. — (n,n%)p
S 14-
®©
~1.2—
S
= 1.0
O
@
N 0.8
(7))
(7))
O 0.6
@)
0.4
0.2
0.0 | | | | | | | |
0 2 4 8 10 12 14 16 18

Energy (MeV)




JENDL-4 EU-156
Threshold reactions

2.5

= = N
o & o
| | |

Cross section (barns)

O
&
|

0.0

| | - |
10 15 20

Energy (MeV)




JENDL-4 EU-156
Threshold reactions

35
*1073

30

Cross section (barns)
= = N N
o o1 o o1
I I I I

ol
|

(n,d)
(n,1)
(n,hel)

(n,xp)
(n,xd)

/_

I
10

Energy (MeV)

I
15 20




JENDL-4 EU-156

Threshold reactions

800

1070
700 —

Cross section (barns)
= N w S o) o
o o o o o o
o o o o o o
I I I I I I

— (n,xt)
— (n,xhe3)

I I
10 12

Energy (MeV)

I
14

16

18

20




JENDL-4 EU-156

angular distribution for elastic




LYoniCos

JENDL-4 EU-156
angular distribution for (n,n*1)

%0 QO O >>>>
- ~ »
e S

\
V4




angular distribution for (n,n*2)

JENDL-4 EU-156

SO0\




LYoniCos

JENDL-4 EU-156

angular distribution for (n,n*3)

S

P




LoniCos

O
NENTERCT\

JENDL-4 EU-156
angular distribution for (n,n*4)

AN\

\

\




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*5)




JENDL-4 EU-156
angular distribution for (n,n*6)

LYoniCos




JENDL-4 EU-156

_\

LonlCos

angular distribution for (n,n*7)




JENDL-4 EU-156

angular distribution for (n,n*8)

/

\ UL WY //ﬁ:/ AN \

AR\ .0
o O, 7\
<\

SR\ N\SXY

Aoo. %e
07 (P




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*9)




JENDL-4 EU-156

angular distribution for (n,n*10) ‘
10 7

(g ' >
J 5
% ad
.

5 ’ S ~ $

] > &

<5 > {\Q}Q’

o < o <

o “o Lo

O‘S\/’ o >>>>> g

’>® ‘S
O




JENDL-4 EU-156
angular distribution for (n,n*11)

LYoniCos




LYoniCos

JENDL-4 EU-156

angular distribution for (n,n*12)

S

P

o<

©

.\?s
-~
’ > N
~> S
> S

<

Q/’Q




LYoniCos

o
\ \ \ \\

JENDL-4 EU-156
angular distribution for (n,n*13)

AN\

\

\




JENDL-4 EU-156
angular distribution for (n,n*14)

LYoniCos




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*15)




LYoniCos

JENDL-4 EU-156
angular distribution for (n,n*16)




JENDL-4 EU-156
angular distribution for (n,n*17)

LYoniCos




JENDL-4 EU-156
angular distribution for (n,n*18)

0" 7,

\ ) S
5 \ P
g ~ >
% = d
> o—| SV N
<o > > &S
o <&

o<

00
,b&@o QC)
\

Q




JENDL-4 EU-156
angular distribution for (n,n*19)

LYoniCos




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*20)




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*21)




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*22)




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*23)




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*24)




JENDL-4 EU-156

_\

LYoniCos

angular distribution for (n,n*25)




JENDL-4 EU-156
angular distribution for (n,n*26)

LYoniCos




JENDL-4 EU-156
Neutron emission for (n,2n)

O,l/ ~>
%" 5 S
Vo)
o 3 N > AN
0'10 / N <~
o '\'Qq)\@
S <<
S S ~~
o
S, Yo




JENDL-4 EU-156

Neutron emission for (n,3n)

- @
§)
2)
/ 0
3
%%
N
;
\ 1/0 \ a/J 0/0 O@

NS\NCOQ




JENDL-4 EU-156

Neutron emission for (n,n*)a

NS\NCOQ




JENDL-4 EU-156

Neutron emission for (n,2n)a

LronieN




JENDL-4 EU-156
Neutron emission for (n,n*)p

LronieN

N
\




JENDL-4 EU-156
Neutron emission for (n,n*)d

O/
0
5"
Z
.
510
(&%
<
'S.@c* <
<. 5




JENDL-4 EU-156

Neutron emission for (n,n*)t

~

NS\NCOQ




JENDL-4 EU-156
Neutron emission for (n,2np)

LronieN

N
\




JENDL-4 EU-156
Neutron emission for (n,n*c)

LronieN




JENDL-4 EU-156

Photon emission for (n,2n) ‘

LronieN




JENDL-4 EU-156
Photon emission for (n,3n)

LronieN




JENDL-4 EU-156

|

\
N h\(\ \\
J
S &
PN

J

e
—_— —
HMM\

Photon emission for (n,n*)a

NS\NCOQ




JENDL-4 EU-156
Photon emission for (n,2n)a

LronieN
DN




JENDL-4 EU-156
Photon emission for (n,n*)p

TronieN




JENDL-4 EU-156
Photon emission for (n,n*)d

2/
10
| >
/0~
ey’ |7
g - | >
g I &
S < \@
o ~ <<
«j:@e SV
L




LronieN

JENDL-4 EU-156
Photon emission for (n,n*)t




JENDL-4 EU-156
Photon emission for (n,2np)

LronieN
\

™
\




JENDL-4 EU-156
Photon emission for (n,n*1)

S
O/
% 10
Z §
c
o
100
L
o O
YO s




LronieN

JENDL-4 EU-156
Photon emission for (n,n*2)

2 A
10
| ~>
O A
10
A
100"
<D
L
o O
2o




JENDL-4 EU-156
Photon emission for (n,n*3)

LronieN
\

™
\

NS
N
~>*
%
'@Q$\
NS
<<




JENDL-4 EU-156
Photon emission for (n,n*4)

~>
O/
% 10
Z A
5 4.
'l
g 10
(&%
<
= 2
LYol TS
o2




JENDL-4 EU-156

/s
9
— .4
%\, @\
—— q
7 Op
@
9
P
_ c
o
c 0
c
= V
5 o
c
.m —_—
& { N Q0
© 7 O
[© AN A
2 o o &
2l —\ <\ —\

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*6)

NS\NCOQ




JENDL-4 EU-156

Photon emission for (n,n*7)

O
= 5
/ fi &g
~_/ ) v,
&, y
?
9
5
ﬁv
0
Q9
NI
—— 7 »
///tso
—_/ J)
0 ¥
N\
e ¢

NNIO0YA




JENDL-4 EU-156

Q)
9
— 7 v\, &@
| L,
@
9
A

_ ¢
0
L 0
c
5 o
c
7
£ /" D
5 —7

——— /) /
c
o \ AR A\k
m o R\
2l —\ —\

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*9)

A

ﬁv

N4
——/ "
g ¢

NS\NCOQ




JENDL-4 EU-156

Q)
——
7 O) v
?
9
P
= ¢
—
e 0
c
5 o
= . —
.m — 7/
% T ~——7)
; 7
-
[© \ AN A
= o o ‘&
2l —\ —\ =\

NOIHWEN




JENDL-4 EU-156

&
9
A
[/
U T
— ? Y,
0%
9
A
= ¢
—i
1] 0
-
5 o
S N/
ie)
(7))
2z —— /Y
I/
z 7
m X AN N
)= o o &
Dl -\ —\ —\

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*12)

s
[
A
7 &\\Q
O v
&
9
8
S
0
N
NG
%/
ANWASEN
AN A
201/ 001/ /@/

NS\NCOQ




JENDL-4 EU-156

&
——— o
— N
>,
@
9
A
> ¢
—i
c 0
-
—~ V
S BN d
.m —N—— /)
o R NI\
m N —/ @@
m AR A
@) o S )
i S S
2l —\ —\

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*14)

/ \\

7,
——

%\ o.z@%

, /
//%//0 A)
o R=Y\i

=\ =\

NS\NCOQ




JENDL-4 EU-156
Photon emission for (n,n*15)

TranineN
= —
L

Vb AN \ \
>
————




JENDL-4 EU-156

~~
O
—i
X
nll
c
N
S
@)
(€l
-
QO
)]
§2
=
)
-
O
')
o
L
al

NOIHWEN




JENDL-4 EU-156

~~
N~
—i
*
nll
-
~—"
—
)
(€l
-
S
)]
e
&
(b
-
@)
')
o
L
al

N7

/ N oe@%
— N\

AN A
00 /@.

—\ —\

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*18)

NS\NCOQ




JENDL-4 EU-156

~~
(@)}
—i
X
nll
c
N
S
@)
(€l
-
QO
)]
§2
=
)
-
O
')
o
L
al

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*20)

ik
5
7\
Juw Q &S\
— O v
?
9
5
ﬁv
0
~
/ M Y
——7/ o'
—_/ @
\ A A
o, o @Wm

NS\NCOQ




JENDL-4 EU-156

~~
—i
N
X
nll
c
N
S
@)
(€l
-
QO
)]
§2
=
)
-
O
')
o
L
al

\ — Q\ b/
—7, ¢
——7 "
AR A
o ‘<0
= =

NOIHWEN




JENDL-4 EU-156

Photon emission for (n,n*22)

&)
o 7 2
¢
———— O v
¢
9
2
hv
0
~—7"°
~—/ ¢
—, @
\ | U W W A

NS\NCOQ




JENDL-4 EU-156

Photon emission for (n,n*23)

¢
AL @
I N T W A
o ‘=0
= =

NS\NCOQ




JENDL-4 EU-156

~
4
N
X
nll
c
N
S
@)
(€l
c
Q
)]
§2
=
O
c
@)
i’
o
<
al

NOIHWEN




JENDL-4 EU-156

~~
LO
N
X
nll
-
—
—
o
(€l
C
S
)
B
&
)
c
)
')
)
e
ol

M% N\
=4 ¢

=

—— 0

AR A

N
—\ —\

NOIHWEN




JENDL-4 EU-156

~~
O
N
X
nll
-
~—r
—
o
(€l
C
S
)
0
=
)
c
O
')
)
e
ol

N/

—— o’

=/
AR A
o <0
= =

NOIHWEN




JENDL-4 EU-156
Photon emission for (n,n*c)

1/
10
D
v A
Z 10
g p
'l
0, QNN
(&%
o
< S D
k%@ O




JENDL-4 EU-156
Photon emission for (n,gma)

LronieN




JENDL-4 EU-156
thermal capture photon spectrum

10° = | |

=

o
w
|

Gamma Prod (barns/MeV)
BN
I

|

o
[N
I

I I
0 2 4

Gamma Energy (MeV)




JENDL-4 EU-156
14 MeV photon spectrum
I |

|
o
[EEN

=
ol
N

|
OI
a1

1
oo

|

=)
[IEY
[EEN

=

oI
[IEN
1NN

Gamma Prod (barns/MeV)
S

(BN
\l

=
ol

=

ol
N
o

I I
10 20

Gamma Energy (MeV)

o
w
o




JENDL-4 EU-156
Particle heating contributions

35 | | | |
*107

30

protons
deuterons
tritons
alphas

25—

MeV/collision

0 i i i i i i
0 2 4 6 8 10 12

Energy (MeV)

16

18 20




JENDL-4 EU-156
Recoll Heating

200 '
*1073
180

recoil heating

/-\160_

e
N
o

|

=

Heating (MeV/reaction
N S (@) oo o N
o o o o o o o
I I I I I I

o
ol

I I
10 15

Energy (MeV)

20




JENDL-4 EU-156

Particle production cross sections

16
*1073
14 —

= =
o N
I I

Cross section (barns)
oo
I

protons
deuterons
tritons
alphas

I I I I
6 8 10 12

Energy (MeV)

|

I I
14 16 18 20




JENDL-4 EU-156
protons from (n,n*)p

T

1 ~>
% 1Y >
z S
“ 3 ECAENY
& 40 RS

0/ > ®®

SR
'S.@c* ~<o
S, ®




JENDL-4 EU-156

protons from (n,2np)

O.

\ \ \ AN
< « 0 9
o LD
—\ —\

NS\NCOQ




JENDL-4 EU-156
deuterons from (n,n*)d

/
1 A
10

é 10,1/ ‘
:‘é A /QJ
p g

(&4

*%Q <

<<>>®ﬁ
2 s




JENDL-4 EU-156
tritons from (n,n*)t

N
\

LronieN
\

.Sb
S
,g\ —
~\
D
N )
S
<
~y
NG/




JENDL-4 EU-156
alphas from (n,n*)a

N
\

LronieN
\




JENDL-4 EU-156
alphas from (n,2n)a

7

Z 2
% N SN
s @ =
100/ > ®®

SR
'S.@c* ~<o
S -




